Pilocytic astrocytomas are found predominantly in the pediatric population; reports of these tumors are extremely rare in adults. We report 2 cases of adult pilocytic astrocytoma with intracranial hemorrhage. A 32-year-old male presented with neck stiffness and severe headache, and a 34-year-old male was referred for headache and double vision. Computed tomography (CT) and magnetic resonance imaging (MRI) revealed a well-enhanced and circumscribed cystic hemorrhagic tumor with mural nodule over the cerebral hemisphere region. Perfusion-weighted MRI (PWI) was also performed in both patients. The measured relative cerebral blood volume ratios of the mural nodules in these 2 cases were, respectively, 1.34 and 2.81 when compared with normal white matter. After surgical resection, microscopic examination of the lesions showed pilocytic astrocytomas. Since pilocytic astrocytoma and other cystic tumors with mural nodule (such as hemangioblastoma) have similar findings on conventional CT and MRI, PWI is helpful in the differential diagnosis. The literature on hemorrhagic pilocytic astrocytoma is also reviewed. [J Chin Med Assoc 2008;71(11):587-593] 
Introduction
Pilocytic astrocytoma is the most common pediatric central nervous system glial tumor. It generally presents as a cerebellar tumor. This tumor has well-known benign biologic behavior, and the survival rate is extremely high. Associated tumor hemorrhage has rarely been seen. 1 However, we report 2 cases of cerebral hemorrhagic tumor lesions in adults, which subsequent pathologic reports identified as pilocytic astrocytomas. Perfusion-weighted magnetic resonance imaging (PWI) was performed. The use of a relative cerebral blood volume (rCBV) map in PWI depicts the microvasculature and tumor neovascularization that can help differential diagnosis, tumor grading, the provision of guidance for stereotactic biopsy, and the determination of prognosis and response to treatment. 2, 3 The literature on the current knowledge of pilocytic astrocytoma presenting with intracranial hemorrhage (ICH) is reviewed.
Case Reports

Case 1
A 32-year-old male suffered from neck stiffness for 3 weeks. The neck stiffness was then accompanied by an intractable headache. Brain computed tomography (CT) revealed a large predominantly cystic tumor with a hemorrhagic solid mural nodule over the right temporoparietal region (Figure 1 ). Subsequently, cranial magnetic resonance imaging (MRI) was done. T1-weighted images showed a large low-intensity cystic mass (but higher than cerebrospinal fluid intensity) containing a mixed-intensity mural nodule. On T2-weighted and fluid-attenuated inversion-recovery (FLAIR) images, the cyst was hyperintense and the mural nodule was mixed hypointense. Hypointensity with a mild blooming effect of the mural nodule on gradient-echo T2-weighted sequence suggested intratumoral hemorrhage. Gadolinium-enhanced study showed heterogeneous enhancement of the mural
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Intracranial Hemorrhage in Adults nodule and peripheral marginal enhancement around the cystic component. PWI showed that the rCBV ratio of the mural nodule was 2.81 when compared with normal white matter ( Figure 2 ). Craniotomy to remove the tumor was performed successfully. The pathologic findings for the resected specimen showed a characteristic picture of pilocytic astrocytoma (WHO Grade I) featuring neoplastic astrocytes in the glial fibrillary background, with hyalinized blood vessels, numerous Rosenthal fibers, and eosinophilic granular bodies ( Figure 3 ). Focal cellular atypia, hemosiderin deposition, and recent hemorrhage were also noted. Follow-up MRI 6 months later did not reveal any residual or additional lesions. The patient continues to do well.
Case 2
A 34-year-old male suffered from headache with dizziness and blurred vision for 2 weeks. Brain MRI was done. T1-weighted MRI showed a hypointense cystic mass containing an isointense mural nodule over the left occipitoparietal region. Both T2-weighted and FLAIR images revealed hyperintensity of the cystic component and heterogeneous signal intensity of the mural nodule. Hypointensity with a mild blooming effect of the mural nodule on gradient-echo T2-weighted sequence suggested intratumoral hemorrhage. Gadoliniumenhanced study showed heterogeneous enhancement of the mural nodule and peripheral marginal enhancement around the cystic component. PWI showed that the rCBV ratio of the mural nodule was 1.34 in comparison with normal white matter ( Figure 4 ).
Craniotomy to remove the tumor was performed successfully. The tumor mass showed a picture of pilocytic astrocytoma composed of both spindle-shaped tumor cells with Rosenthal fibers in a fascicular pattern and rounded tumor cells with myxoid stroma and microcystic formation ( Figure 5 ). Prominent vasculature with hyalinized blood vessels, extensive hemorrhage with organizing hematoma, and hemosiderin deposits were identified. Moderate cellular atypia and ependymal lining invaded by tumor were also evident. The tumor cells were diffusely positive for glial fibrillary acidic protein by immunohistochemistry stain ( Figure  5 ). Follow-up MRI 6 months later did not disclose any residual or additional lesions. The patient continues to do well.
Discussion
Pilocytic astrocytoma, previously known as spongioblastoma, is a histologic subtype of astrocytoma, classified as WHO Grade I, with a rather benign, slow-growing biological behavior. This tumor occurs most commonly in children and young adults. Most patients present before the age of 20 years. Only about 25% of patients are older than 18 years, and less than 17% are older than 30 years. The annual incidence of pilocytic astrocytoma for all ages has been reported to be 2.9-4.8 cases per million population. 1, 4, 5 No gender predilection has been reported, but its association with neurofibromatosis type 1 (NF1) is well documented. Among the various age groups of patients with pilocytic astrocytoma, the major location of tumor differs in prevalence. In children, up to 67% of patients present with cerebellar lesions, whereas in adults, about 55% of patients present with supratentorial lesions. 6 However, in NF1 patients with pilocytic astrocytoma, the tumor typically involves the optic nerve or chiasm. 1 The most common clinical features of pilocytic astrocytomas include headache, nausea, vomiting, seizure, ataxia, and visual abnormality, depending on the tumor location. 1, 6, 7 However, presentation as ICH is rare. A review of the literature from 1977 to 2007 showed that only 19 cases were reported as hemorrhagic pilocytic astrocytoma (shown in Table 1 ). 4, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] In these 19 cases, 4 patients had the lesions located in the cerebral hemisphere region, 9 in the hypothalamic and chiasmatic regions, and the other 6 patients had the lesions located in the cerebellar region. All 4 patients with cerebral lesions were of adult age, from 24 to 75 years, whereas all 6 patients with cerebellar lesions were of pediatric age, from 8 to 13 years. The patient group with lesions in the optic pathway and hypothalamic regions had the highest incidence (47%), with the most variety in age, from 4 to 58 years. Bell et al reported 10 patients over the age of 30 years with the diagnosis of pilocytic astrocytoma, and 1 presented with hemorrhage in the frontal lobe. 4 Lyons reported a 75-year-old man who presented with spontaneous ICH from a pilocytic astrocytoma in the left temporal lobe. 8 Gottfried et al reported a 24-year-old man with a pilomyxoid astrocytoma, a variant of pilocytic astrocytoma, who presented with cerebral hemorrhage. 9 Lones and Verity reported a 69-year-old female who presented with intracerebral hemorrhage from a pilocytic astrocytoma in the right thalamus and right caudate. 10 The cause of hemorrhage is unclear but may be related to the abnormal vasculature within the tumor. 8, 12 In general, pilocytic astrocytoma shows little or no perifocal edema on imaging findings. However, in our cases, there were evident perifocal edemas associated with the lesions, which may be due to the acute hemorrhagic effect. The enhancing patterns of pilocytic astrocytoma have been described: (a) mass with a non-enhancing cyst and an intensely enhancing mural nodule (21% of cases); (b) mass with an enhancing cyst wall and an intensely enhancing mural nodule (46%); (c) necrotic mass with a central non-enhancing zone (16%); and (d) predominantly solid mass with minimal to no cystic component (17%).
1 Both of our cases showed a wall-enhanced cyst with an intensely enhancing mural nodule. Among the cystic tumors with a mural nodule in the cerebral hemispheres, there are various lesions (e.g. fibrillary astrocytomas, pilocytic astrocytomas, hemangioblastomas, gangliogliomas, pleomorphic xanthoastrocytomas, ependymomas, Hemangioblastomas have been discussed most often with regard to similar hemorrhagic potency. Although both hemangioblastomas (90-95%) and pilocytic astrocytoma (60%) are mostly located in the posterior fossa, 1, 25 supratentorial hemangioblastomas have been reported. 25 Both hemangioblastomas and pilocytic astrocytomas can appear as small, enhancing nodules within a well-circumscribed, thin-walled cyst. Differentiation by conventional gadolinium-based MRI alone is difficult. Therefore, advanced functional imaging techniques, such as PWI demonstrating an rCBV map, are helpful, especially in evaluating the microvasculature and neovascularization of brain tumors. Highly vascularized tumors such as hemangioblastomas, high grade astrocytomas, oligodendrogliomas, vascular metastases and meningiomas have high rCBV ratios. Conversely, low grade astrocytomas and dense packed tumors with high nucleus/cytoplasm ratios, such as medulloblastomas and lymphomas, demonstrate low rCBV ratios.
2,3
Cho et al reported that the rCBV ratio of hemangioblastomas (18.34-40.75) was significantly higher than that of pilocytic astrocytomas (1.30-5.07), 2 and our 2 cases of pilocytic astrocytomas had the same rCBV map findings. Vascular angiogenesis and proliferation, which show the biological behavior of tumors, are important criteria for histopathologic tumor grading. The rCBV ratios in low-grade gliomas show that rCBV is lower or only slightly increased compared to normal brain parenchyma of the contralateral hemisphere.
2 A highly vascular mural nodule of the hemangioblastoma will cause an exceedingly high rCBV. 2 In conclusion, pilocytic astrocytoma is generally considered to be a pediatric tumor, however, it may rarely present as a hemorrhagic cystic mass lesion in adults. The association between age and tumor location is strong; most cerebral hemorrhagic pilocytic astrocytomas occur in adults, whereas cerebellar hemorrhagic pilocytic astrocytomas occur mostly in children. To help differentiate pilocytic astrocytoma from hemangioblastoma, which may present as a cystic tumor with mural nodule, PWI is useful.
